By means of angle-resolved photoemission, the unoccupied band structure of Be along the 5 axis has been determined. While the data are in generally good agreement with the results of a self-consistent pseudopotential calculation, additional structure near the threshold for plasmon production is seen. It is argued that this structure is a many-body distortion caused by the electron-plasmon interaction.
It is common in photoemission studies of solids to identify spectral features with ordinary band energies. At the same time, it is well known that many-body effects can complicate and even invalidate this identification.
These complications have been observed, for example, in narrow-band metals, where atomiclike correlation effect can reduce bandwidths and generate extra peaks. It has also been predicted' that the band structure of simple metals should be distorted from its free-electronlike behavior at energies near the threshold for plasmon production. The origin of this effect is the electron-plasmon interaction. The one-electron effective potential and the excited-state lifetime are closely related to the real and imaginary parts of the electron self-energy, respectively, and thus coupled by a Kramers-Kronig type relation. ' Whenever a new decay mode appears, e.g. , creation of plasmons, additional structure in the energy-momentum relation for the electrons is also generated.
We have recently performed an extensive photoemission study of the electronic structure of Be. 2 In this Letter, we describe our results for the unoccupied states along b up to 22 eV above the Fermi level. While our data are in generally good agreement with the results of a recent self-consistent band calculation, 3 we see additional sharp structure near the threshold for plasmon production. We interpret these results as being the first observation of the distortion of electronic band structure due to the electron-plasmon interaction.
There are several reasons why this effect has not been observed previously. First, the effect occurs in the unoccupied part of the band, and attention has typically focused on the occupied part. Second, the material studied must meet two seemingly contradictory requirements.
On the one hand, it must have strong interband transitions to final energies near the plasmon energy, or else photoemission into the band of interest will not be observed. On the other hand, interband transitions dampen the plasmon excitation, and obscure the interesting structure. We then construct an empirical occupied band with the same shape as the calculated band, but scaled to agree with the experimental symmetry points. This scaling follows the expression
where E"t, (k) is the calculated binding energy.
The resulting band is shown as a solid line in Fig.   2 . 3 Once the occupied band is determined, the unoccupied band follows by subtraction of the binding energy from the photon energy at which a transition is observed. These experimental points, taken at -, '-eV photon-energy intervals, are shown in the upper half of Fig. 2 . s The solid line is the calculated band. The general agreement is clearly good. Transitions to energies higher than those shown are mostly broad and weak, due to small dipole matrix elements, until I'4 is approached at 92 eV.
Interesting structure in the experimental points is visible near 15 eV. In Fig. 3 , we present the difference between the experimental and theoretical un- turn. In this figure, point 2 is the wave vector of a free electron at the Be plasmon energy, while point 8 is the wave vector of an electron propagating along 5 in Be at an energy equal to the Fermi energy plus the plasmon energy. In an electron gas the two points would be identical. We believe that the structure shown in Fig. 3 Fig. 3 the calculated results for the homogeneous electron gas. ' This comparison shows that the observed structure is close in magnitude, position, and width to what is expected. However, the experimental curve is clearly more complex, and begins at a smaller momentum, than predicted. These disagreements could be due to errors in the theory, which are expected in regions such as these where the electron self-energy has a strong energy dependence. ' They could also be due to the fact that electron-gas theory explicitly ignores interband transitions which are an important decay mode for plasmons. Finally, the electron gas is a poor approximation to Be in other ways. Be has large band gaps, and a very small density of states at the Fermi level. The difference between points A and B in Fig. 3 shows the importance of these band-structure effects and the difficulty of making a detailed comparison with electron-gas results.
There are other indications that the interaction between plasmons and electrons in real metals is inadequately described by electron-gas theory. For example, final-state lifetimes in Be, which should be dominated by plasmon generation, are significantly longer than predicted. 49, 1197 (1978) . 7Peak positions were determined by first subtracting a smooth background, and then fitting a Lorentzian. Good fits were obtained at lower photon energies. The observed widths were very close to those predicted by the imaginary part of the self-energy for holes in jellium (Ref. 2). At higher photon energies, some asymmetry was observed, and the peak position reported is the one that gave the best fit to the top half of the peak. Essentially identical results, but with more scatter, were obtained by picking peak maxima by eye.
